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CROSSLINKING AGENT, POLYMER
COMPOSITION CONTAINING

CROSSLINKING AGENT, AND
CROSSLINKED PRODUCT OF SAME

TECHNICAL FIELD

The present invention relates to a novel aluminate com-
plex salt-based crosslinking agent, a polymer composition
containing the crosslinking agent, and a crosslinked molded
product of the polymer composition or a crosslinked molded
product of a product containing the polymer composition,
and more specifically, to a crosslinking agent composed of
an aluminate complex salt bonded to a hydroxyl group of a
hydroxyl group-containing organic compound, a neutralized
product of the complex salt, or a reaction product with a
carboxylic acid of the aluminate complex salt, which cross-
links an organic compound containing a carboxy group, a
nitrile group, or the like. Examples of the application field of
the present invention include a hardening resin composition,
a hardening resin molded body, and a hardened material, 1n
particular, a rubber latex composition in which a crosslink-
ing agent 1s added to a carboxy group-containing latex (NBR
or SBR latex) and a crosslinked molded product thereot, a
low-allergy dip product and a paper product having excel-
lent creep resistance, water resistance, solvent resistance,
and durability. Moreover, the crosslinking agent of the
present invention has similar functions to a polycarbodiim-
ide as a crosslinking agent of a carboxy group-containing
water-based resin, 1s useful as a crosslinking agent of a
polyurethane dispersion, an acrylic emulsion, a water-based
polyester, or a carboxylic acid-denatured water-based resin,
and has various uses as a crosslinking agent of a coating
material, an 1nk, a water-based ink, an adhesive, a metal-
surface preparation agent, or a coating agent, and a hydro-
lysis resistance stabilizer of a water-based polyester-based
resin or a water-based polyurethane-based resin.

BACKGROUND ART

Dipped products such as rubber gloves and fingerstalls
have been widely used 1n various circles including a medical
field (prevention of hospital-acquired infection, SARS infec-
tion, and the like), a food processing field (0-157 incidents),
and an electronic component manufacturing field in asso-
ciation with an increased 1nterest in safety sanitation. A dip
molding method 1s one method of manufacturing these
rubber gloves and fingerstalls. Known examples of the dip
molding method include an anode coagulant dipping method
in which a mold made from wood, glass, ceramic, metal, or
plastic 1s dipped 1n advance in a coagulant liqud, and then
1s dipped 1n a natural rubber latex composition or a synthetic
rubber latex composition, and a Teague coagulant dipping
method 1n which a mold 1s dipped 1n a latex composition,
and then 1s dipped in a coagulant liqmd, and molded
products obtained by these dip molding methods are dip
molded articles.

A natural rubber latex 1s a typical latex for dip molding.
A natural rubber latex product has good physical and chemi-
cal properties, but a user may sufler from an allergic reaction
in association with the elution of a natural protein contained
in the product, and thus, the production of products using a
protein-iree synthetic rubber latex tends to increase.

It has been pointed out that a synthetic rubber latex such
as an acrylonitrile-butadiene rubber (NBR rubber), which is
a typical example of the synthetic rubber latex, may generate
a harmiul substance such as hydrogen cyanide originating
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from acrylonitrile 1n a combustion exhaust gas, and a new
latex raw material such as a styrene-butadiene rubber (SBR)
(JP-A-2001-192918: PTL 1), a traditional chloroprene rub-
ber, or a carboxy group-containing ionomer-based elastomer
has attracted attention.

High levels of physical properties are required for dip
molded articles. In order to exert high levels of physical
properties, a crosslinked structure needs to be introduced
between polymers.

In the case of a natural rubber, sulfur and a vulcanization
accelerator such as zinc oxide are added to form covalent
bonds of sulfur between double bonds of molecules of the
natural rubber. In the case of the natural rubber, the so-called
sulfur vulcanization 1s considered to form a crosslinked
structure even 1n a natural rubber particle, and excellent
physical properties of products are exerted.

The same sulfur vulcanization method as that 1n the case
of the natural rubber 1s generally adopted also 1n the case of
a diene-based carboxylated synthetic rubber latex. However,
the roles of chemicals to be added are considerably diflerent
from those 1n the case of the vulcanmization of a natural
rubber latex. More specifically, it 1s considered that, when
zinc oxide contacts water, a hydroxyl group 1s produced on
the surface, the hydroxyl group reacts with a carboxy group
of a latex particle (P. H. Starmer, Plastics and Rubber
Processing and Applications, 9(1988), 209-214: NPL 1) to
form a pendant half salt, and furthermore, cluster 1on cross-
linkage 1s formed after a heat drying process. The physical
properties to be measured, such as a tensile strength, an
clongation, and a hardness, are determined by the zinc
crosslinkage, and this point 1s a major difference from the
case¢ of the natural rubber latex in which the physical
properties of products are determined by sulfur crosslinkage.

As used herein, the term “cluster 10n crosslinkage™ refers
to a state where carboxy groups form a cluster, and a
divalent cation of zinc 1s neutralized by the whole carboxy
groups that form the cluster. According to the characteristics
of the structure, when the rubber 1s elongated, the crosslink-
age 1s misaligned, and when stress 1s applied, stress relax-
ation (creep) occurs within a short period, and, after a long

period of use, permanent distortion becomes larger and the
rubber elongates (N. D. Zakharov, (1963) Vulcanization of

Carboxylic Rubbers. Rubber Chem. and Tech, Rubber Divi-
sion Acs. Akron, US. Vol 36, no 2, 568-574: NPL 2).

On the other hand, sulfur that crosslinks double bonds
originating from butadiene with a covalent bond has a small
influence on the physical properties to be measured, such as
a tensile strength, an elongation, and a hardness. However,
sulfur controls the important properties of rubber products,
such as durability, creep resistance, water resistance, and
solvent resistance of the rubber products, and this is the
reason why the sulfur vulcanization method i1s frequently
adopted also 1n the carboxylated synthetic rubber latex.

As described above, the sulfur vulcanization plays an
important role also in the diene-based carboxylated synthetic
rubber latex. On the other hand, since sulfur oxidizes metal
when contacting the metal, the use of sulfur tends to be
reduced 1n the electronic component manufacturing field.

In addition, recently, since the development of contact
dermatitis based on a delayed allergy to a vulcanization
accelerator contained 1n dip molded articles such as gloves
also tends to increase, the development of dip molded
articles using no vulcanization accelerator has been
demanded.

Furthermore, i the food field, the regulation of the
amount of zinc eluted as a heavy metal to be eluted from
rubber gloves tends to be strengthened.
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JP-A-2003-165814 (PTL 2) proposes a composition for
dip molding, which does not substantially contain a sulfur-
contaiming vulcanizing agent, a vulcanization accelerator,
and zinc oxide. However, according to the research by the
present inventor or the like, a dip product using the com-
position has problems in which creep resistance, water
resistance, and solvent resistance are low and an adherence
property 1s high.

As a crosslinking method with an aluminum-based cross-
linking agent using no sulfur and vulcanization accelerator,
there are a method using an aluminate by the present
inventor or the like (Japanese Patent No. 3635060: PTL 3)
and a method using basic aluminum carboxylate by the
present inventor (Japanese Patent No. 464°7026: PTL 4, U.S.
Pat. No. 8,389,620: PTL 5).

Aluminum 1s amphoteric metal. An aluminate 1s an anion
at a pH of 10-10.5 or more, and Al does not react with a
carboxy group of a latex. On the other hand, aluminum
functions as a trivalent cation at a pH of 10 or less, and thus
can crosslink the carboxy group of the latex. However, the
aluminate converts into the trivalent cation immediately
after the addition of a latex liquid, and thus needs to be
blended with a great deal of caution such that localized
crosslinkage does not occur by adding zinc oxide to a diluted
latex to block 1n advance a carboxy group exposed on the
surface of a latex particle, and 1s unsuitable for large-scale

industrial manufacturing.

Basic aluminum carboxylate 1s not cationic unlike normal
aluminum carboxylate, and thus can be easily blended nto
a carboxylated latex, so that a crosslinked product at the
same level as that by the sulfur vulcanization can be manu-
tactured without adding sulfur, a vulcanization accelerator,
and zinc oxide. Moreover, a NBR dip molded article using
such a crosslinking agent 1s a product that 1s soit and has
excellent creep resistance, similarly to a natural rubber
product.

PRIOR ART DOCUMENTS

Patent Documents

|IPTL 1] JP-A-2001-192918
|[PTL 2] JP-A-2003-165814

|PTL 3| Japanese Patent No. 3635060
[

[

P1L 4] Japanese Patent No. 4647026
L 5] U.S. Pat. No. 8,389,620

Non-Patent Documents

INPL 1] P. H. Starmer, Plastics and Rubber Processing and
Applications vol. 9 (1988), p 209-214

INPL 2] N. D. Zakharov, (1963) Vulcanization of Carbox-
ylic Rubbers. Rubber Chem. and Tech, Rubber Division
Acs. Akron, US. Vol 36, no 2, 568-574

SUMMARY OF INVENTION

Technical Problem

However, there are following disadvantages: an alumi-
num atom 1s bonded to a carboxy group, and thus, when a
crosslinked body contacts an organic acid, the crosslinkage
may be broken due to replacement with the organic acid; a
carboxy group 1s a hydrophilic group, and thus chemical
resistance tends to be poor for a hydrophilic substance; and
a chlorine-based compound 1s used as a raw material for
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synthesis when synthesizing a crosslinking agent, and thus
a chlorine 1on 1s contained in the crosslinking agent.

In addition, a further object 1s to discover a crosslinking
agent that can be substituted for sultfur and a sulfur-contain-
ing vulcanizing agent.

Solution to Problem

It 1s an object of the present mvention to synthesize an
aluminate complex salt by bonding an aluminate to a
hydroxyl group under a strong alkaline condition, then
synthesize a neutralized product of the aluminate complex
salt by neutralizing the aluminate complex salt, and use the
neutralized product of the aluminate complex salt as a
crosslinking agent. An aluminum atom that 1s a non-metal
atom under a strong alkaline condition converts 1nto a metal
atom 1n a mildly alkaline region at a pH of 10-10.5 or less,
a neutral region, and a mildly acidic region, and the neu-
tralized product of the aluminate complex salt acquires
crosslinking ability to crosslink a carboxy group.

A neutralization reaction of an aluminate complex salt of
a hydroxyl group-containing organic compound 1s consid-
ered to proceed as the following reaction formula.

R—O—Al(OH); +H*—=R—0—Al(OH),+H,0

The above neutralized product of the aluminate complex
salt can crosslink a carboxy group similarly to the following
basic aluminum carboxylate.

R—COO—AI(OH),

The neutralized product of the aluminate complex salt of
the hydroxyl group-contaiming organic compound fulfills the
technical problem because an aluminum atom 1s not bonded
to a carboxy group and a crosslinking agent can be synthe-
s1zed without containing a chlorine 1on.

Moreover, the object to discover a crosslinking agent that
can be substituted for sulfur and a sulfur-containing vulca-
nizing agent 1s also achieved. Although sulfur 1s a divalent
covalent bond crosslinking agent, the present crosslinking
agent 1s a divalent or more polyvalent covalent bond cross-
linking agent, physical properties such as durability, creep
resistance, water resistance, and solvent resistance, which
surpasses those of a conventional sulfur vulcanization prod-
uct, are also achieved by using such a crosslinking agent. In
addition, a low-allergy crosslinked molded product, 1n par-
ticular, a dip product not containing sulfur, a sulfur-contain-
ing vulcanizate, and a vulcanization accelerator 1s provided.
Furthermore, a latex composition not containing zinc oxide
can also be provided. By using such a latex composition, a
new product 1s provided also 1n a paper processing field or
the like.

Moreover, when performing synthesis by changing the
number of crosslinkable functional groups contained 1n one
molecule of the hydroxyl group-containing organic com-
pound crosslinking agent, a crosslinking agent having vari-
ous functions can be synthesized.

Attila Pallagi et al. reported that a gluconate (Gluc™) and
an aluminate (AI(OH),”) form a 1:1 complex salt (anion)
under a strong alkaline condition. A position where an
aluminum atom 1s bonded i1s not a carboxy group but a
hydroxyl group.

When the present inventor reacted sorbitol, 1n which the
carbon number 1s the same as that of gluconic acid and all
carbon atoms are bonded to hydroxyl groups, with an
aluminate, a complex salt could be formed. In addition, the
aluminate was coordinated to all (s1x) hydroxyl groups.

When calctum nitrate that forms a divalent cation was
added to a sorbitol-4Al aluminate complex salt 1n which an
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aluminate 1s coordinated to four hydroxyl groups, calcium
aluminate was not generated, but the reaction solution
gelated over time. This indicates that the sorbitol-4Al alu-
minate complex salt was anionic and reacted with a divalent
cation (Ca™™).

As described above, the hydroxyl group-containing
organic compound aluminate complex salt 1s anionic, and
the carboxy group 1s also anionic. Thus, both sides mutually
repulse.

When the sorbitol-4Al aluminate complex salt was neu-
tralized by carbon dioxide, and calcium nitrate was further
added, the formation of gel did not occur. This indicates that
the complex salt converted from anionic nto non-ionic by
the neutralization and became unresponsive to the Ca** ion.

This 1s attributed to the conversion of Al that i1s an
amphoteric metal atom from a non-metal atom under a
strong basic condition to a metal atom 1n between a mildly
alkaline region at a pH of 10-10.5 or less and neutral to
mildly acidic regions.

When 0.2-0.3 parts 1n terms of Al,O, of the above carbon
dioxide-neutralized product of the sorbitol-4Al aluminate
complex salt was added to a carboxylated NBR latex stock
solution, blending was extremely easily performed.

In the same manner, when 0.2-0.3 parts 1 terms of Al,O,
of an erythritol-4Al aluminate complex salt synthesized
using powder sodium aluminate with less alkaline content
was directly added to a carboxylated NBR latex stock
solution, the pH of the blended latex liquid was around 8.8
that 1s approximate to a point of neutralization of the
erythritol-4Al aluminate complex salt. Therefore, a large
part of the aluminate complex salt 1s considered to exist as
a neutralized product 1n the latex blended liquad.

In manufacturing dip molded articles such as NBR gloves
described below, the pH of a latex blended liquid 1s adjusted
to be around 9.5. Theretore, about 10-15% of an aluminate
complex salt-based crosslinking agent 1s expected to remain
as an aluminate complex salt.

However, since calcium mitrate 1s used as a coagulant
liqguid 1n a dip molded article manufacturing process, one
—OH"™ 1s bonded to another —OH™ or —COQO~ through
Ca**, thereby eliminating anionic properties. Remaining
two hydroxyl groups function as a crosslinking agent.

As can be seen from neutralization experiments of an
cthylene glycol-2Al aluminate complex salt by malic acid
and maleic acid described below, when 1/2-2/3 of an alu-
minate complex salt 1s neutralized, the aluminate complex
salt fulfills functions as a crosslinking agent as described
herein 1 the section entitled “Syntheses of Neutralized
Substances of Hydroxyl Group-Containing Organic Com-
pound Aluminate Complex Salts.”

Furthermore, the present inventor added an aluminate to
a monohydric alcohol (ethanol or the like), a polyhydric
alcohol (ethylene glycol, propylene glycol, glycerol), or a
sugar alcohol (erythritol, xylitol, sorbitol, mannitol, lactitol,
or the like) and confirmed formation of an aluminate com-
plex salt.

Next, for carbohydrates, an aluminate complex salt cross-
linking agent was tried to be synthesized, and the aluminate
complex salt crosslinking agent was successiully synthe-
sized 1 the same manner. For monosaccharides among
them, the aluminate complex salt crosslinking agent could
be synthesized, but a degeneration reaction known as a
Maillard reaction occurred aiter a lapse of long time from
the synthesis, and the reaction solution turned brownish.
However, the functions as a crosslinking agent were main-
tained.

10

15

20

25

30

35

40

45

50

55

60

65

6

A compound categorized as a hydroxycarboxylic acid
contains a hydroxyl group together with a carboxy group. An
aluminate 1s also coordinated to the hydroxyl group to form
an aluminate complex salt. The aluminate complex salt
contains the carboxy group, and thus i1s characterized by
good water solubility even when the generated aluminate
complex salt 1s neutralized.

Examples of hydroxycarboxylic acids include glycolic
acid, lactic acid, hydroxybutyric acid, malic acid, citric acid,
tartaric acid, aldonic acid (gluconic acid, hepturonic acid),
and uronic acid (glucuronic acid or the like), and examples
ol aromatic compounds include salicylic acid.

Moreover, an aluminate 1s also coordinated to a hydroxyl
group of a polyether polyol, a polyester polyol, or a polymer
polyol used 1n a urethane resin, a water-based acrylic resin,
or the like to form an aluminate complex salt. Examples of
the polymer polyol include synthetic polymers such as
polyvinyl alcohol, semisynthetic polymers such as car-
boxymethylcellulose and hydroxyethylcellulose, and natural
polymers such as starch, dextrin, cyclodextrin, oligosaccha-
ride, guar gum, alginic acid, pectin, and xanthane gum.

The present crosslinking agent i1s suitably used as a
crosslinking agent of dip products such as NBR synthetic
rubber gloves.

A typical crosslinking agent currently used for manufac-
turing gloves or the like 1s sulfur (divalent crosslinking
agent), and a vulcanization accelerator and zinc oxide are
used 1n combination.

Since the vulcanization accelerator may cause type IV
contact dermatitis and zinc oxide 1s heavy metal, the con-
tents are regulated 1n a food field or the like.

Moreover, as big disadvantages of physical properties, the
products have a small elongation, are hard, and are easy to
creep (easy to swell) during use, and thus have no aptitude
as surgical gloves, for example.

Normally, about 5% of methacrylic acid 1s blended 1nto an
NBR latex, and the present crosslinking agent crosslinks
carboxy groups origmnating from the methacrylic acid.
Theretfore, addition of a vulcanization accelerator 1s unnec-
essary, and addition of zinc oxide 1s not necessarily required.
Moreover, the present crosslinking agent 1s a divalent or
more polyvalent crosslinking agent and 1s significantly char-
acterized by creep resistance higher than that of sulfur
vulcanization by a divalent crosslinking agent, and a new
use can be expected 1 a medical field or the like.

Incidentally, 1.0-1.5 phr of zinc oxide i1s added as a
vulcanization assistant 1n the sulfur vulcanization, and the
zinc oxide crosslinks 40-65% of the carboxy groups origi-
nating from the methacrylic acid of the NBR latex. In the
case where zinc oxide 1s not used in the present method, the
remaining amount of unreacted carboxy groups increases,
and the adherence property of the products increases. In
order to respond to this, handling by an increase in the
concentration of coagulant liquid calcium nitrate, an
increase 1n the amount of the crosslinking agent, selection of
a NBR latex having a low methacrylic acid content, and the
like 1s required.

Furthermore, the carboxy groups of the latex are blocked
by adding a polyhydric alcohol-based polymer such as
polyvinyl alcohol, carboxymethylcellulose, starch, dextrin,
cyclodextrin, oligosaccharide, or guar gum, and thus the
adherence property of end products can be lowered.

Moreover, as a means for proactively blocking the adher-
ence property due to the carboxy groups, a method in which
the unreacted carboxy groups of the latex are decreased by
blending a magnesium compound such as magnesium oxide,
magnesium hydroxide, or colloidal magnesium hydroxide
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into a latex blended liquid 1n place of zinc oxide 1s effective.
The colloidal magnesium hydroxide can be easily manufac-
tured by adding a magnesium salt to an alkaline solution
(normally, a potassium hydroxide solution in the case of
manufacturing gloves).

Although depending on the carboxy group content of the
latex, the additive amount of the magnesium compound 1s 1n
the range of 0.2-1.0 phr 1in terms of MgQO, and preferably, 1s
normally around 0.5 phr.

Moreover, by adding a hydrophobizing agent such as an
internal sizing agent or a surface sizing agent, which 1s
heavily used 1n a paper field, to the latex, or by treating the
surface of the products, the adherence property of the end
products can be lowered.

Gloves manufactured under such conditions can be easily
industrially manufactured using commonly known tech-
niques such as an antitack agent such as calcium stearate,
chlorine treatment, and polymer coating.

Moreover, a method of locally blocking only surfaces of
carboxy groups on both sides or one side of the gloves with
highly basic aluminum chlonde, highly basic aluminum
nitrate, the crosslinking agent according to the present
invention, or the like 1s effective.

Accordingly, the gloves manufactured by the present
crosslinking agent are characterized by having flexibility at
the same level as that of a natural rubber, furthermore, are
products having excellent creep resistance and durability,
and furthermore, surpass natural rubber products because of
also having original chemical resistance of NBR.

More specifically, the present invention 1s as follows.

1. A crosslinking agent including: a neutralized product of
an aluminate complex salt of a hydroxyl group-containing
organic compound; a divalent metal ion (Ca**, Mg~™*, or
/Zn™) bound product of the aluminate complex salt of a
hydroxyl group-containing organic compound; or a reaction
product with a carboxylic acid of the aluminate complex salt
of a hydroxyl group-containing organic compound.

2. The crosslinking agent according to 1, in which the
hydroxyl group-containing organic compound 1s a monohy-
dric or polyhydric alcohol.

3. The crosslinking agent according to 1, in which the
hydroxyl group-containing organic compound 1s a polyether
polyol, a polyester polyol, a polymer polyol, a hydroxyl
group-containing polymer (synthetic polymers such as poly-
vinyl alcohol, semisynthetic polymers such as carboxym-
cthylcellulose and hydroxyethylcellulose, and natural poly-
mers such as starch, dextrin, cyclodextrin, oligosaccharide,
guar gum, alginic acid, pectin, and xanthane gum).

4. The crosslinking agent according to 1, in which the
hydroxyl group-containing organic compound 1s a carbohy-
drate.

5. The crosslinking agent according to 1, in which the
hydroxyl group-containing organic compound 1s a hydroxy-
carboxylic acid or a salt thereof.

6. A polymer composition, in which the crosslinking agent
according to 1, 2, 3, 4, and/or 5 1s blended.

7. A polymer composition, in which the aluminate com-
plex salt according to any one of 1 to 5 1s directly blended
into the polymer composition to be neutralized.

8. The polymer composition according to 6 or 7, in which
the polymer contains a carboxy group and/or a nitrile group.

9. The polymer composition according to 6, 7 or 8, 1n
which the polymer according to 6, 7, or 8 1s a carboxy-
denatured NBR latex or SBR latex, a carboxy group-con-
taining chloroprene latex, a carboxy group-containing poly-
urethane dispersion, a carboxy group-containing acrylic
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emulsion, a carboxy group-containing water-based polyes-
ter, or a carboxylic acid-denatured water-based resin.

10. The polymer composition according to 6, 7, 8, or 9,
further containing one or two or more organic compounds
selected from an internal sizing agent; a surface sizing agent;
and polyhydric alcohols such as polyvinyl alcohol, polyeth-
ylene oxide, carboxymethylcellulose, starch, dextrin, cyclo-
dextrin, oligosaccharide, guar gum, alginic acid, pectin, and
xanthane gum.

11. The polymer composition according to 6, 7, 8, 9, or
10, 1n which magnesium oxide, magnestum hydroxide, or
colloidal magnesium hydroxide 1s further added thereto.

12. A crosslinked molded product obtained by molding
and crosslinking the polymer composition according to 6, 7,
8,9, 10, or 11.

13. The crosslinked molded product according to 12, 1n
which the molded product 1s surface-treated with highly
basic aluminum chloride, highly basic aluminum nitrate, an
internal sizing agent, a surface sizing agent, or the cross-
linking agent according to 1.

14. The crosslinked molded product according to 11, 12,
or 13 12 or 13, 1n which the crosslinked molded product is
a dip molded article or a paper product.

Advantageous Elflects of Invention

A crosslinking agent in which an aluminum atom 1is
directly bonded to an oxygen atom of an organic compound
hydroxyl group can be synthesized by an aluminate complex
salt. There are quite a lot of organic compounds having a
hydroxyl group, and various crosslinking agents can be
synthesized. Therefore, a crosslinking agent that gives a
detailed response to a quality demand of a product using the
crosslinking agent can be synthesized.

Moreover, synthesis of a crosslinking agent 1s extremely
casy, and synthesis of a crosslinking agent without contain-
ing a chlorine 1on 1s also easy.

DESCRIPTION OF EMBODIMENTS

Many reaction systems 1n which the present crosslinking,
agent 1s used are water-based. Moreover, many aluminate
complex salts of a hydroxyl group-containing organic com-
pound are water-soluble. Therefore, desirably, neutralized
products of aluminate complex salts of a hydroxyl group-
containing organic compound are also water-soluble. How-
ever, neutralized products of monohydric alcohol or dihydric
alcohol aluminate complex salts become water-insoluble 1n
many cases due to lack of water-soluble functional groups,
but reactants neutralized by some organic acids maintain
water solubility. In this regard, however, 1n carbon dioxide-
neutralized products of polyhydric alcohol or hydroxycar-
boxylic acid-based aluminate complex salts, the neutralized
products may maintain water solubility even when hydroxyl
groups are completely formed into aluminate complex salts.

Moreover, various qualities are required for a crosslinked
molded product. Therefore, the diversity of qualities of the
crosslinking agent 1s also important as well as the diversity
of raw materials to be crosslinked (organic compounds
containing a hydroxyl group). Thus, desirably, a polyhydric
alcohol, a carbohydrate, or a hydroxycarboxylic acid, having
multiple hydroxyl groups 1s selected as a crosslinking agent
raw material, and the coordination number of an aluminate
1s selected depending on the intended use.

More specifically, 1-5 or 6 equivalents of the aluminate
are added to, for example, sorbitol, fructose, or a gluconate,
to synthesize an aluminate complex salt, the aluminate



US 11,339,271 B2

9

complex salt 1s directly blended mto, or partially or com-
pletely neutralized by an acid, and then blended into a raw

material to be crosslinked, the quality of a crosslinked
molded product i1s measured, and a crosslinking agent
adapted for the purpose 1s selected.

In the case of a normal carboxylated latex, regarding the
additive amount of the crosslinking agent, 0.2-0.3 parts 1n
terms of Al,O; are appropriate 1n many cases, but the
crosslinking agent can be used within the range of 0.1-3.0
parts depending on the use.

In the case of manufacturing dip molded articles, the pH
of a latex prepared liquid 1s around 9.5-10.0. An alkali may
be added to the above blended latex, or the aluminate
complex salt may be directly added to the latex stock
solution to be a neutralized product, and then the pH may be
adjusted by adding an alkali.

EXAMPLES

(Synthesis of Crosslinking Agent)

1. Synthesis Reaction and Properties of Crosslinking
Agent

The Na/Al ratio of sodium aluminate to be used 1s not
particularly limited, and the sodium aluminate used herein 1s
sodium aluminate NA-170 manufactured by ASAHI Chemi-
cal Co., Ltd.

Analysis Values

Al,0O, 18.73%

Na,O 19.37%

Molar Ratio 1.70

The above sodium aluminate 1s diluted and adjusted to be
2.0 mol/LL (in terms of NaAlO,) as NaAlQ.,,.

In contrast, a hydroxyl group-containing organic com-
pound 1s adjusted to be a 2.0 mol/L solution (in terms of
hydroxyl groups) and diluted depending on the number of
aluminate complex salts to be introduced. Specifically, when
introducing n of aluminate complex salts (n-valent alumi-
nate complex salt), the hydroxyl group-containing organic
compound 1s diluted by n times.

An equivalent 2.0 molar sodium aluminate solution 1s
added while being stirred to the above diluted hydroxyl
group-containing organic compound solution at normal tem-
perature, and the mixture 1s left for two hours, so that a
hydroxyl group-containing organic compound aluminate
complex salt 1s synthesized.

First, syntheses of a sorbitol-4 Al aluminate complex salt,
a gluconic acid-4Al aluminate complex salt, and neutralized
products thereol and properties thereof will be described.

When adding a calctum nitrate tetrahydrate 10% solution
to a 2.0 molar sodium aluminate solution 1n terms of
NaAlQ,, calctum aluminate 1s precipitated. Whether sodium
aluminate remains can be determined.

(1) Syntheses of Sorbitol (Hexahydric Alcohol)-4Al Alu-
minate Complex Salt and Gluconic Acid (Pentahydric Alco-
hol)-4Al Aluminate Complex Salt

To each o1 100 ml of a 0.5 molar sorbitol aqueous solution
and 100 ml of a 0.5 molar sodium gluconate aqueous
solution, 100 ml of a 2 molar sodium aluminate (1n terms of
NaAlO,) was added while being stirred, and the mixture was
reacted for two hours, so that a sorbitol-4Al aluminate
complex salt and a gluconic acid-4Al aluminate complex

salt were synthesized. They both were water-soluble.
(2) Addition Test (1) of Calcium Nitrate Solution

To each of the above reaction solutions, 10 ml of a 10%
calcium nitrate tetrahydrate solution was added. Calcium
aluminate was not precipitated. This indicates that sodium
aluminate did not remain.
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However, after a lapse of one hour, the whole reaction
solution of the sorbitol-4 Al aluminate complex salt to which
calcium nitrate was added gelated.

In contrast, the gluconic acid-4Al aluminate complex salt
maintained water solubility.

It 1s considered that the sorbitol-4Al aluminate complex
salt (anionic) gelated because the complex salt 1s bonded due
to substitution of Na* with Ca**, but the gluconic acid-4Al
aluminate complex salt maintained water solubility because
ol containing a carboxy group.

(3) Neutralization of Sorbitol (Hexahydric Alcohol)-4Al
Aluminate Complex Salt and Gluconic Acid (Pentahydric
Alcohol)-4 Al Aluminate Complex Salt

Carbon dioxide was added to each of the above aluminate
complex salt solutions to adjust the pH to 8.3-8.5, so that
carbon dioxide-neutralized products of the sorbitol (hexa-
hydric alcohol)-4 Al aluminate complex salt and the gluconic
acid (pentahydric alcohol)-4Al aluminate complex salt were
synthesized.

(4) Addition Test (2) of Calcium Nitrate Solution

In the same manner as (3), the addition test of the calcium
nitrate solution was performed. However, 1n the neutralized
solution of the sorbitol-4Al aluminate complex salt, precipi-
tation and gelation of calcium aluminate did not occur. The
sorbitol (hexahydric alcohol)-4Al aluminate complex salt
became a neutralized product, thereby being non-ionic,
bonding by Ca** was not generated, and gelation did not
OCCUL.

In contrast, 1n the neutralized product of the gluconic
acid-4Al aluminate complex salt, a precipitate was tempo-
rarily generated during the addition of the calcium nitrate
solution but disappeared rapidly. It 1s considered that the
precipitation temporarily occurred because Ca** reacted
with a carboxy group of the neutralized product of the
gluconic acid-4Al aluminate complex salt.

2. Syntheses of Various Hydroxyl Group-Containing
Organic Compound Aluminate Complex Salts

1) Synthesis of Ethanol (Monohydric Alcohol)-1Al Alu-
minate Complex Salt

To 100 ml of a 2 molar ethanol aqueous solution, 100 ml
of a 2 molar sodium aluminate (in terms of NaAlO,) was
added while being stirred, and the mixture was reacted for
two hours, so that an ethanol-1Al aluminate complex salt
was synthesized.

Even when a calcium nitrate solution was added to the
synthesized solution, a precipitate of calcium aluminate was
not generated. This indicates that sodium aluminate did not
remain.

The reaction solution gradually (after about six hours)
became cloudy when being stored in the air for a long time,
and the wall of a container was covered with a precipitate
after a few days. It 1s considered that the ethanol-1Al
aluminate complex salt was insolubilized by absorbing
carbon dioxide 1n the air.

2) Syntheses of Ethylene Glycol (Dihydric Alcohol)-1Al
Aluminate Complex Salt and Ethylene Glycol-2Al Alumi-
nate Complex Salt

To each of 100 ml of a 2 molar ethylene glycol erythritol
aqueous solution and 100 ml of a 1 molar ethylene glycol
aqueous solution, 100 ml of a 2 molar sodium aluminate (in
terms of NaAlO,) was added while being stirred, and the
mixture was reacted for two hours, so that an ethylene
glycol-1Al aluminate complex salt and an ethylene glycol-
2Al aluminate complex salt were synthesized. Even when a
calcium nitrate solution was added to each of the synthe-
s1zed solutions, a precipitate of calcium aluminate was not
generated.
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Moreover, when each of the reaction solutions was stored
in the air for a few days, crystals were generated.

3) Syntheses of Erythritol (Tetrahydric Alcohol)-2Al Alu-
minate Complex Salt and Erythritol-4Al Aluminate Com-
plex Salt

To each of 100 ml of a 1 molar ethylene glycol aqueous
solution and 100 ml of a 0.5 molar ethylene glycol aqueous
solution, 100 ml of a 2 molar sodium aluminate (in terms of
NaAlO,) was added while being stirred, and the mixture was
reacted for two hours, so that an erythritol-2Al aluminate
complex salt and an erythritol-4 Al aluminate complex salt
were synthesized. Even when a calcium nitrate solution was
added to each of the synthesized solutions, a precipitate of
calcium aluminate was not generated.

4) Syntheses of Sorbitol (Hexahydric Alcohol)-2Al, 4Al,
and 6Al Aluminate Complex Salts

To each of 100 ml of a 1 molar sorbitol aqueous solution,
100 ml of a 0.5 molar sorbitol aqueous solution, and 100 ml
of a 1/3 molar sorbitol aqueous solution, 100 ml of a 2 molar
sodium aluminate (in terms of NaAlO,) was added while
being stirred, and the mixture was reacted for two hours, so
that a sorbitol-2Al aluminate complex salt, a sorbitol-4Al
aluminate complex salt, and a sorbitol-6 Al aluminate com-
plex salt were synthesized. Even when a calcium nitrate
solution was added to each of the synthesized solutions, a
precipitate ol calcium aluminate was not generated.

5) Syntheses of Carbohydrate Fructose (Pentahydric
Alcohol)-2Al Aluminate Complex Salt and Fructose-3Al
Aluminate Complex Salt

To each of 100 ml of a 1 molar fructose aqueous solution
and 100 ml of a 2/3 molar fructose aqueous solution, 100 ml
of a 2 molar sodium aluminate (in terms of NaAlO,) was
added while being stirred, and the mixture was reacted for
two hours, so that a fructose-2Al aluminate complex salt and
a Iructose-3Al aluminate complex salt were synthesized.
Even when a calcium nitrate solution was added to each of
the synthesized solutions, a precipitate of calctum aluminate
was not generated.

However, degeneration occurred by a Maillard reaction
after a lapse of time from the synthesis, and the reaction
solution was colored, but the functions as a crosslinking
agent were maintained.

6) Syntheses of Hydroxycarboxylic Acid Aluminate Com-

plex Salts
(1) Syntheses of Gluconic Acid (Pentahydric Alcohol

Carboxylic Acid)-2Al, -4Al, and -5Al Aluminate Complex
Salts

To each o1 100 ml of a 1 molar sodium gluconate aqueous
solution, 100 ml of a 0.5 molar sodium gluconate aqueous
solution, and 100 ml of a 0.4 molar sodium gluconate
aqueous solution, 100 ml of a 2 molar sodium aluminate (1n
terms of NaAlO,) was added while being stirred, and the
mixture was reacted for two hours, so that a gluconic
acid-2Al aluminate complex salt, a gluconic acid-4Al alu-
minate complex salt, and a gluconic acid-5Al aluminate
complex salt were synthesized. Even when a calcium nitrate
solution was added to each of the synthesized solutions, a
precipitate ol calcium aluminate was not generated.

(2) Synthesis of Tartaric Acid (Dihydric Alcohol Dicar-
boxylic Acid)-2Al Aluminate Complex Salt

To 100 ml of a 1 molar sodium gluconate tartaric acid
aqueous solution, 100 ml of a 2 molar sodium aluminate (1n
terms of NaAlO,) was added while being stirred, and the
mixture was reacted for two hours, so that a tartaric acid-2 Al
aluminate complex salt was synthesized. Even when a
calcium nitrate solution was added to the synthesized solu-
tion, a precipitate of calcium aluminate was not generated.
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6) Syntheses 7) Syntheses of Polymer Polyol Aluminate
Complex Salts
(1) Synthesis of Carboxymethylcellulose Aluminate

Complex Salt
To 150 g of a CMC Daicel 1110 (Daicel FineChem Ltd.,

the degree of etherification 0.72, 2% viscosity 113 mPa.§)
2% aqueous solution, 3.4 g of the above sodium aluminate
(Al,O, 18.73%) was added, and the mixture was reacted for
two hours, so that an aluminate complex salt including
nearly one aluminate complex salt per one cellulose residue
was synthesized. The reaction solution was water-soluble
but became slightly turbid. Even when a calcium nitrate
solution was added to the synthesized solution, a precipitate
of calcium aluminate was not generated. However, the
reaction solution to which calcium nitrate was added gelated
in a short time.

(2) Synthesis of Polyvinyl Alcohol Aluminate Complex
Salt

For synthesis of the above aluminate complex salt, pow-
der sodium aluminate with less Na content was used 1n
consideration of a deacetylation reaction of polyvinyl alco-
hol under a strong alkaline condition. The powder sodium
aluminate 1s sodium aluminate NA-120 manufactured by
ASAHI Chemical Co., Ltd.

Analysis Values

Al,0O; 53.6%

Na,O 39.7%

Molar Ratio 1.22

(2-1) Synthesis of Carboxy-Denatured Polyvinyl Alcohol
Aluminate Complex Salt

To a carboxy-denatured PVA (J POVAL AF-17; manu-
factured by JAPAN VAM & POVAL CO., LID.) 10%
solution, 3.8 g of powder sodium aluminate (10% solution)
in terms of Al,O, was added, so that a carboxy-denatured
polyvinyl alcohol aluminate complex salt was synthesized.
The reaction solution was water-soluble. Even when a
calcium nitrate solution was added to the synthesized solu-
tion, a precipitate of calcium aluminate was not generated.
However, the reaction solution to which calcium nitrate was
added gelated 1n a short time.

(2-2) Synthesis of Easily Water-Soluble Polyvinyl Alco-
hol Aluminate Complex Salt

To 100 g of an easily water-soluble PVA (EF-05; manu-
factured by JAPAN VAM & POVAL CO., LID.) 10%
solution, which was dissolved at normal temperature, 3.8 g
of powder sodium aluminate (10% solution) 1 terms of
Al, O, was added, so that a polyvinyl alcohol aluminate
complex salt was synthesized. The reaction solution was
water-soluble. Even when a calcium nitrate solution was
added to the synthesized solution, a precipitate of calcium
aluminate was not generated. However, the reaction solution
to which calcium nitrate was added gelated in a short time.

3. Syntheses of Neutralized Substances of Hydroxyl
Group-Containing Organic Compound Aluminate Complex
Salts

1) Neutralization of Hydroxyl Group-Containing Organic
Compound Aluminate Complex Salts by Carbon Dioxide

By adding an acid (inorganic acid) or an acid salt to the
above n-valent aluminate complex salt (hydroxyl group-
containing organic compound (—O—AI(OH),"Na™), ) and
adjusting the pH to 7-9, so that a neutralized product of an
aluminate complex salt (assumed as hydroxyl group-con-
taining organic compound (—O—AI(OH),), ) can be syn-
thesized. Here, the neutralization was performed by adding
carbon dioxide. The pH was set to be around 8.5 as in a
sodium hydrogen carbonate solution.
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In place of carbon dioxide, an inorganic acid such as
hydrochloric acid, nitric acid, sulfuric acid, or boric acid
may be used. Moreover, an organic acid other than a
carboxylic acid may be used. Moreover, an acid salt such as
potassium dihydrogen phosphate may be used.

(1) Neutralization of Monohydric Alcohol Aluminate
Complex Salt (Ethyl Alcohol-1Al Aluminate Complex Salt)
or Dihydric Alcohol Aluminate Complex Salt (Ethylene
Glycol-2Al Aluminate Complex Salt)

An ethyl alcohol-1Al aluminate complex salt or a dihydric
alcohol aluminate complex salt (ethylene glycol-aluminate
complex salt) was stored in the air for a long period, a
precipitate was generated. Moreover, when the neutraliza-
tion was performed by carbon dioxide, a precipitate was
generated 1n the same manner.

(2) Neutralization of More Than Trihydric Alcohol
(Erythritol) Aluminate Complex Salt

In neutralization of a more than trihydric alcohol (eryth-
ritol or the like) aluminate complex salt by carbon dioxide,
a product maintained water solubility.

Moreover, even when calcium mitrate tetrahydrate was
added to the neutralized solution, a precipitate was not
generated.

(3) Neutralization of Hydroxycarboxylic Acid Aluminate
Complex Salts

All neutralized products of hydroxycarboxylic acid alu-
minate complex salts were water-soluble.

Moreover, even when calcium nitrate was added to the
neutralized solution, a precipitate was not generated.

(4) Neutralization of Carboxymethylcellulose Aluminate
Complex Salt A neutralized product of a carboxymethylcel-
lulose aluminate complex salt by carbon dioxide was water-
soluble, but slightly took on a milky white color.

Moreover, even when calcium nitrate was added to the
neutralized solution, a precipitate was not generated.

2) Neutralization of Hydroxyl Group-Contaiming Organic
Compound Aluminate Complex Salt by Organic Carboxylic
Acid

Although a hydroxyl group-containing organic compound
aluminate complex salt can be neutralized by an organic
carboxylic acid, a neutralized product of the hydroxyl
group-containing organic compound aluminate complex salt
reacts with a carboxylic acid. Therefore, a part of the
crosslinking agent 1s consumed by the reaction with the
carboxylic acid, and thus the neutralization by the organic
carboxylic acid 1s basically undesirable. However, the neu-
tralization by the organic carboxylic acid can be used to
contribute to the adjustment of crosslinking strength due to
a decrease 1n the crosslinking point number of the cross-
linking agent, the improvement in hydrophilicity, provision
of water solubility, and the like. Neutralization of an ethyl-
ene glycol-2Al aluminate complex salt by a carboxylic acid
will be described below as an example.

(1) Reaction of Ethylene Glycol-2Al Aluminate Complex
Salt with Carboxylic Acid

Properties of neutralized products are different from one
another depending on the types and properties of carboxylic
acids.

Thus, for the ethylene glycol-2Al aluminate complex salt
whose reaction with a carboxylic acid 1s easy to be observed,
a reaction with a carboxylic acid was examined.

(1) Reaction with Maleic Acid (Dicarboxylic Acid)

Even when the amount of maleic acid, at which excess
Na™ is neutralized, was added such that the equivalent of
ethylene glycol (—O—AI(OH),"Na"), was obtained, the
water solubility was maintained. It 1s considered that, the
excess Na™ (equivalent to 0.7) of sodium aluminate having
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Na/Al=1.7 1s simply neutralized by maleic acid 1n this range,
and the ethylene glycol-2Al aluminate complex salt was not
reacted with maleic acid.

However, by adding maleic acid that neutralizes Na™ that
1s the half of the amount of Na* equivalent to ethylene glycol
(—O—AI(OH),"N™),, a precipitate was generated.

(11) Reaction with Malic Acid (Hydroxy Dicarboxylic
Acid)

In the same manner as the above, even when malic acid
was added such that the equivalent of ethylene glycol
(—O—AIl(OH),"Na™"), was obtained, the water solubility
was maintained.

However, by adding malic acid that neutralizes Na™ that
1s 24 ol the amount of Na™ equivalent to ethylene glycol
(—O—AI(OH),"Na™),, the whole liquid gelated. Clearly,
malic acid was crosslinked. Moreover, this fact indicates
that, even if all Na™ are not neutralized by an acid, a carboxy
group 1s crosslinked by neutralization of about 24 of the
neutralization equivalent.

(111) Reaction with Citric Acid (Hydroxy Tricarboxylic
Acid)

Even when citric acid that neutralizes all Na® of the
cthylene glycol-2Al aluminate complex salt was added, a
citric acid-neutralized product of the ethylene glycol-2Al
aluminate complex salt maintained water solubility.

Assuming from the reaction with malic acid, 1t 1s consid-
ered that citric acid was also crosslinked, and the water
solubility was maintained because ol one more carboxy
group having high hydrophilicity.

Therefore, by the neutralization with citric acid, the
neutralized product of the ethylene glycol-2Al aluminate
complex salt can be maintained to be water-soluble.

The citric acid-neutralized product was gradually thick-
ened after a lapse of two weeks. This indicates that citric
acid was also crosslinked.

4. Manufacture of Crosslinking Agent-Containing NBR
Latex Compositions (Compound Latexes)

Each of 0.2 parts (as Al,O;) of the above CO,-neutralized
product of the erythritol-2 Al aluminate complex salt (1) and
0.2 parts (as Al,O,) of the above CO,-neutralized product of
the erythritol-4Al aluminate complex salt (2) was added
while being stirred to an NBR latex stock solution.

Powder sodium aluminate was used as sodium aluminate.
The composition of the powder sodium aluminate 1s as
follows.

NaAlQ,

Al,O, content 54.1%

Na/Al=1.25

(Results)

(1) Blending Stability Test

The above crosslinking agent-blended latex was filtered
by a 200-mesh metal sieve, and a crosslinking agent-blended

stability test was performed. An aggregate was not observed
(refer to Table 1).

The used NBR latex 1s KLN 830 manufactured by
Kumbho.

Latex

Concentration 44.8%

pH 8.4

(2) Pot Life Test of Blended Latex

The above crosslinking agent-blended latex was stored at
normal temperature, and a pot life was tested. Generation of
an aggregate was not observed even after storing for 60 days
or more (refer to Table 1).
(Evaluation)

According to the above results, a high-concentration latex
in which additives such as sulfur, zinc oxide, a vulcanization
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accelerator, an antioxidant, and a chlorine 1on are not
contained at all and only a water-soluble crosslinking agent
1s blended can be stably blended. Therefore, market supply
as an NBR latex compound became possible.

5. Hydroxyl Group-Containing Organic Compound Alu-
minate Complex Salts and/or Neutralized Substance Cross-

linking Agent-Blended NBR Latexes Thereot
The used NBR latex 1s the above KILN 830 manufactured

by Kumbho.

Comparative Example 1

Composition Liquid for Sulfur Vulcanmization Dipped
Products

Additive Agent

KOH 1.6 parts

/n0O 1.25 parts

S 1.0 part

BZ 0.2 parts

(Dibutyldithiocarbamic Acid Zinc)

By adding the above chemical to water, the latex concen-
tration was adjusted to 30%.

Reference Example

The physical properties were measured using commercial
natural rubber gloves.

Example 1

By adding water to a compound latex liquid to which 0.25
parts 1n terms of Al,O, of the carbon dioxide-neutralized
product of the erythritol-2Al aluminate complex salt was

added, the latex concentration was adjusted to 30%, and by
adding a 10% KOH solution, the pH was adjusted to 9.6.

Example 2

After 0.25 parts (1n terms of Al,O;) of the erythritol-4 Al
aluminate complex salt synthesized using powder sodium
aluminate was directly added to a latex liquid, the latex
concentration was adjusted to 30%.

Then, by adding a 10% KOH solution, the pH was
adjusted to 9.7.

Example 3

Colloidal magnesium hydroxide was prepared as follows.

To a liguid composed of 16.2 g of a 10% potassium
hydroxide solution and 24.7 g of water, 34.1 g of a
MgCl,.6H,O 5% aqueous solution (0.5 phr in terms of
MgQO) was added while being stirred. Next, the generated
colloidal magnesium hydroxide solution was added to a
compound latex liquid to which 0.25 parts 1n terms of Al,O,
of the carbon dioxide-neutralized product of the erythritol-
2Al aluminate complex salt was added, so that a 30% latex
liquid was obtained.

Example 4

To a compound latex liquid to which 0.25 phr 1n terms of
Al,O, of the carbon dioxide-neutralized product of the
erythritol-2Al aluminate complex salt was added, 0.5 phr of
dispersed magnestum oxide (Kyowamag 150; manufactured
by Kyowa Chemical Industry Co., Ltd.) was added, then, by
adding water and a 10% KOH solution, the pH was adjusted
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to 9.6 and the concentration was adjusted to 30%, and the
latex liquid was left for one day.

Next, NBRs used in Example 5 and Example 6 described
below are 6338 manufactured by Synthomer.

Example 5

A compound latex was prepared by adding 0.3 parts 1n
terms of Al,O; of the carbon dioxide-neutralized product of
the sorbitol-4 Al aluminate complex salt (water-soluble) and
turther adding 1.4 parts of 3% polyvinyl alcohol (PVA-117;
manufactured by KURARAY CO., LTD.). By adding water
and a 10% KOH solution to the compound liquid, the pH
was adjusted to 9.5 and the latex concentration was adjusted
to 30%.

The above compound liquid was o
separately.

[

ered to a pot life test

Example 6

A PVA-110 (manufactured by KURARAY CO., LTD.)

7% solution was prepared, and a powder sodium aluminate
15% solution (in terms of Al,O;) was added such that one
Al 1s bonded per six vinyl alcohol residues, so that a
PVA-110 aluminate complex salt solution (abbreviated as
PVA-110x6Al) was synthesized.

A compound latex was prepared by directly adding 0.3
parts (1n terms of Al,O;) of the above PVA-110x6Al solu-
tion to a NBR latex and further adding 1.0 part of a sizing
agent (BANDIS T-25K; disproportionation rosin, manufac-
tured by Harima Chemicals Group, Inc.). Then, by adding
water and a 10% KOH solution, the pH was adjusted to 9.7
and the latex concentration was adjusted to 30%.

6. Manufacture of Dip Molded Articles (Fingerstalls)

Manufacture of Dip Molded Articles (Fingerstalls)

Mold

sandblasted test tube by sandblasting (diameter 17 mm)

Coagulant Liqud

calctum nitrate tetrahydrate

300 ¢/ (Example 1 and Example 2)

200 g/L. (Comparative Example 1, Examples 3, 4, 5, and

6)

Dipping of Mold into Coagulant Liquid

dipping time 10 seconds

Film Deposition

dipping of mold into latex prepared liquid described

above, time 10 seconds

deposition preliminary drying 75° C., 3 minutes

washing (reaching) 50° C., 3 minutes

deposition drying/heating 95° C., 3 minutes, 120° C., 15

minutes

The fingerstalls were removed from the mold and used as
samples of the following evaluation test.

The pot lives of the above latex compounds and evalua-
tion results of the dip molded articles are shown 1n Table 1.

1) Coagulant Agent Concentration

(Result)

By using the latex to which colloidal magnesium hydrox-
ide 1s added (Example 3) and the latex to which magnesium
oxide 1s added (Example 4), fingerstalls having thicknesses
substantially the same as 1n the sulfur vulcanization latex to
which zinc oxide 1s added (Comparative Example 1) can be
manufactured at the same coagulant agent concentration.
Moreover, by also using the latex to which PVA 1s added
(Example 5) and the latex to which a PVA crosslinking agent
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1s added (Example 6), fingerstalls can be manufactured at the
same coagulant agent concentration as 1n the latex to which
zinc oxide 1s added.

2) Physical Property Test

(Result)

Erythritol-2 Al aluminate complex salt neutralized product
NBR fingerstalls, erythritol-4Al aluminate complex salt
directly-added NBR fingerstalls, sulfur vulcanization NBR
fingerstalls, and commercial natural rubber gloves all
showed tensile stresses of around 30 MPa. However, while
the fracture elongation was about 600% 1n the sulfur vul-
canization NBR, the fracture elongations in the aluminate
complex salt-based fingerstalls reached 750-800%, which
was the same as the fracture elongation of the natural rubber
gloves, and extremely soit dipped rubber products could be
obtained.

Although Examples 5 and 6 are different in the latex
manufacturer, substantially the same fingerstalls could be
obtained.

3) Durability and Water Resistance Test

After wearing the above fingerstalls on fingers succes-
sively for 14 days, a wearing aptitude test of durabality, creep
resistance, and water resistance was performed. The dura-
bility was classified into excellent, good, and normal by
successively wearing on fingers and comprehensively judg-
ing the degree of swelling and the degree of whitening of the
fingerstalls after wearing. The creep resistance was deter-
mined by the degree of an elongation (swelling) of the
fingerstalls after wearing. The creep resistance was classi-
fied 1into excellent, good, and normal 1n ascending order of
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the degree of swelling. The water resistance was determined
by the degree of whitening of a rubber film 1n wearing.
Severe whitening was indicated as poor. The water resis-
tance was classified 1into excellent, good, and normal corre-
sponding to the degree of whitening.

(Result)

The durability, creep resistance, and water resistance of
the erythritol-2Al aluminate complex salt neutralized prod-
uct-added NBR latex fingerstalls (Example 1), the erythritol-
4 Al aluminate complex salt directly-added fingerstalls (Ex-
ample 2), the colloidal magnesium hydroxide-added
fingerstalls (Example 3), and the magnesium oxide-added
fingerstalls (Example 4) have quality equal to or more than
that of the sulfur vulcanization fingerstalls (Comparative
Example 1).

In Example 5 and Example 6, despite a different latex raw
material, fingerstalls having the same quality as that of
Examples described above could be manufactured.

Non-Adherence Property Test

Four manufactured fingerstalls were stacked alternately
and sandwiched by a bulky book (Kojien). The fingerstalls
were taken out three days later, and the non-adherence
property was indicated as excellent when the fingerstalls
were easily peeled.

(Result)

The fingerstalls manufactured from the latex obtained by
blending PVA 1nto the aluminate complex salt-based cross-
linking agent and the latex obtained by blending the sizing
agent into the PVA aluminate complex salt-based crosslink-
ing agent were excellent 1n the non-adherence property.

TABL

L1

1

NBR Fingerstalls or Natural Rubber Latex Gloves

Latex Compound

Pot
Life

Blending
Stability

Reference
Example
Latex

Gloves

Comparative no =60 days 0.1

Example 1 aggregation

Example 1 no =60 days

aggregation

Example 2 no =60 days

aggregation
Example 3 no =60 days
aggregation
=60 days

Example 4 no

aggregation
Example 5 no =60 days
aggregation
Example 6

no =60 days

aggregation

0.094

0.095

0.098

0.098

0.096

0.095

Thickness

(mm)

0.08 mm

IT1IT]

IT1IT1

IT1IT]

IT1IT1

IT1IT1

IT1IT]

IT1IT]

Tensile Non-
Strength  Elongation Creep Water  Adherence
(MPa) (%0) Durability Resistance Resistance Property

31.2 MPa 630% normal normal normal

30.2 MPa 600% normal normal normal

30.5 MPa 810% excellent good good

31.8 MPa 790% excellent excellent excellent

29.8 MPa 780% excellent excellent excellent

30.0 MPa 770% excellent excellent excellent

26.9 MPa 710% excellent excellent excellent excellent
27.5 MPa 700% excellent excellent excellent excellent
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(Evaluation)

An NBR latex compound in which a neutralized product
of an aluminate complex salt 1s blended and a latex com-
pound into which an aluminate complex salt 1s directly
blended to be neutralized can be easily prepared and have
excellent pot lives.

Moreover, fingerstalls manufactured from the above NBR
latex compound have a strength (tensile strength) compa-
rable to that of NBR sulfur vulcanization dipped products
(latex gloves).

Furthermore, a big characteristic of the present products
1s being soit products having an elongation at the same level
as that of natural rubber latex products. Moreover, another
big characteristic 1s durability, creep resistance, and water
resistance surpassing those of sulfur vulcanization products.

Therelore, the present products have properties capable of
being comparable to natural rubber products even 1n a

medical field.

The invention claimed 1s:

1. A crosslinking agent comprising;:

a neutralized product of an aluminate complex salt of a
hydroxyl group-containing organic compound;

a divalent metal ion Ca**, Mg>*, or Zn** bound product
of the aluminate complex salt of a hydroxyl group-
containing organic compound; or

a reaction product with a carboxylic acid of the aluminate
complex salt of a hydroxyl group-containing organic
compound.

2. The crosslinking agent according to claim 1,

wherein the hydroxyl group-containing organic com-
pound 1s a monohydric or polyhydric alcohol; a
polyether polyol; a polyester polyol; a hydroxyl group-
containing polymer selected from polyvinyl alcohol,
carboxymethylcellulose, hydroxyethylcellulose, starch,
dextrin, cyclodextrin, oligosaccharide, guar gum, alg-
inic acid, pectin, and xanthane gum; a carbohydrate; or
a hydroxycarboxylic acid.

3. A polymer composition, comprising a polymer and a

crosslinking agent comprising:

a neutralized product of an aluminate complex salt of a
hydroxyl group-containing organic compound;

a divalent metal ion Ca**, Mg>*, or Zn** bound product
of the aluminate complex salt of a hydroxyl group-
containing organic compound; or

a reaction product with a carboxylic acid of the aluminate
complex salt of a hydroxyl group-containing organic
compound.

4. The polymer composition according to claim 3,
wherein the neutralized product of an aluminate complex
salt of a hydroxyl group-containing organic compound 1s
neutralized by directly blending the aluminate complex salt
into the polymer composition.

5. The polymer composition according to claim 3,
wherein the polymer contains a carboxy group and/or a
nitrile group.
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6. The polymer composition according to claim 3,
wherein the polymer 1s a carboxy-denatured NBR latex or
SBR latex, a carboxy group-containing chloroprene latex, a
carboxy group-containing polyurethane dispersion, a car-
boxy group-containing acrylic emulsion, a carboxy group-
containing water-based polyester, or a carboxylic acid-de-
natured water-based resin.

7. The polymer composition according to claim 3, further
comprising one or two or more organic compounds selected
from an internal sizing agent, a surface sizing agent, poly-
vinyl alcohol, polyethylene oxide, carboxymethylcellulose,
starch, dextrin, cyclodextrin, oligosaccharide, guar gum,
alginic acid, pectin, and xanthane gum.

8. The polymer composition according to claim 3, further
comprising magnesium oxide, magnesium hydroxide, or
colloidal magnesium hydroxide.

9. A crosslinked molded product obtained by molding and
crosslinking the polymer composition according to claim 3.

10. The crosslinked molded product according to claim 9,
wherein the molded product 1s surface-treated with highly
basic aluminum chloride, highly basic aluminum nitrate, an
internal s1zing agent, a surface sizing agent, or a crosslinking
agent comprising;:

a neutralized product of an aluminate complex salt of a

hydroxyl group-containing organic compound;

a divalent metal ion Ca**, Mg~*, or Zn** bound product
of the aluminate complex salt of a hydroxyl group-
containing organic compound; or
a reaction product with a carboxylic acid of the alumi-

nate complex salt of a hydroxyl group-containing
organic compound.

11. The crosslinked molded product according to claim 9,
wherein the molded product 1s a dip molded article or a
paper product.

12. The crosslinking agent according to claim 1, the
crosslinking agent 1s a crosslinking agent of a carboxy group
and/or a nitrile group.

13. The crosslinking agent according to claim 1, wherein
the neutralized product of an aluminate complex salt of a
hydroxyl group-containing organic compound 1s a carbon
dioxide reaction product of an aluminate complex salt of a
hydroxyl group-containing organic compound.

14. The polymer composition according to claim 3,
wherein the neutralized product of an aluminate complex
salt of a hydroxyl group-containing organic compound 1s a
carbon dioxide reaction product of an aluminate complex
salt of a hydroxyl group-containing organic compound.

15. The crosslinked molded product according to claim 9,
wherein the neutralized product of an aluminate complex
salt of a hydroxyl group-containing organic compound 1s a
carbon dioxide reaction product of an aluminate complex
salt of a hydroxyl group-containing organic compound.

16. The crosslinking agent according to claim 1, wherein
the hydroxyl group-containing organic compound 1s a poly-
mer polyol.
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